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Description
FIELD OF THE INVENTION

[0001] This present invention relates to compositions
comprising C3 fluoroolefins, particularly tetrafluoropro-
penes and carbon dioxide (CO2).

BACKGROUND OF THE INVENTION

[0002] Fluorocarbon based fluids have found wide-
spread use in industry in a number of applications, in-
cluding as refrigerants, aerosol propellants, blowing
agents, heattransfer media, and gaseous dielectrics. Be-
cause of the suspected environmental problems associ-
ated with the use of some of these fluids, including the
relatively high global warming potentials associated
therewith, it is desirable to use fluids having low or even
zero ozone depletion potential, such as hydrofluorocar-
bons ("HFCs"). Thus, the use of fluids that do not contain
chlorofluorocarbons ("CFCs") or hydrochlorofluorocar-
bons ("HCFCs") is desirable. Furthermore, some HFC
fluids may have relatively high global warming potentials
associated therewith, and itis desirable to use hydrofluor-
ocarbon or other fluorinated fluids having global warming
potentials as low as possible while maintaining the de-
sired performance in use properties. However, the iden-
tification of new, environmentally-safe, mixtures is fre-
quently complicated by the need and/or desire to achieve
a composition with such a diverse set of properties.
[0003] With respect to heat transfer fluids, it is desira-
ble in many different situations to selectively transfer heat
between a fluid and a body to be cooled or warmed. As
used herein, the term "body" refers not only to solid bod-
ies but also other fluid materials, which take the shape
of the container in which they exist.

[0004] One well known system for achieving such
transfer of heat achieves cooling of a body by first pres-
surizing a vapor phase heat transfer fluid and then ex-
panding it through a Joule-Thomson expansion element,
such as a valve, orifice, or other type of flow constriction.
Any such device will be referred to hereinafter simply as
a Joule-Thompson expansion element, and systems us-
ing such an element are sometimes referred to herein as
Joule-Thompson systems. In most Joule-Thomson sys-
tems, single component, non-ideal gasses are pressu-
rized and then expanded through a throttling component
or expansion element, to produce substantially
isenthalpic cooling. The characteristics of the gas used,
such as boiling point, inversion temperature, critical tem-
perature, and critical pressure effect the starting pressure
needed to reach a desired cooling temperature. While
such characteristics are all generally well known and/or
relatively easy to predict with an acceptable degree of
certainty for single component fluids, this is not neces-
sarily the case for multi-component fluids

[0005] Because of the large number of properties or
characteristics which are relevant to the effectiveness
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and desirability of a heat transfer fluid in particular but to
many other fluids in general, it is frequently difficult to
predict in advance how any particular multi-component
fluid will perform as a heat transfer fluid. For example,
U.S. Patent No. 5,774,052 - Bivens discloses a combi-
nation of difluoroethane (HFC-32), pentafluoroethane
(HFC-125) and a small amount (i.e., up to 5% by weight)
of carbon dioxide (CO2) in the form of an azeotropic fluid
that is said to have advantages as a refrigerant in certain
applications. More particularly, the multi-component fluid
of Bivens is said to be non-flammable and, due to its
azeotropic nature, to undergo relatively little fractionation
upon vaporization. However, applicants appreciate that,
the fluids of Bivens are comprised of relatively highly-
fluorinated compounds, which are potentially environ-
mentally damaging from a global warming perspective.
Inaddition, obtaining fluids with azeotropic properties can
sometimes add significantly to the cost of such fluids
when used as refrigerants.

[0006] U.S. Patent No. 5,763,063 - Richard et al. dis-
closes a non-azeotropic combination of various hydro-
carbons, including HFC-32, and carbon dioxide which
form a fluid said to be acceptable as replacements for
chlorotrans-1,3,3,3-tetrafluoropropene (HCFC-22). In
particular, the Richard et al. patent teaches that the vapor
pressure of this fluid is substantially equal to HCFC-22,
which is only about 83 psia. Therefore, while the fluid of
Richard et al. is expected to perform well in certain re-
frigeration applications, it may be considered inadequate
in the same types of applications mentioned above with
respect to the Bivens fluid.

SUMMARY OF THE INVENTION

[0007] Applicants have discovered compositions
which possess a highly desirable and unexpectedly su-
perior combination of properties, particularly in connec-
tion with heat transfer applications, systems and meth-
ods, but which also have advantage with respect to other
uses, such as blowing agents, propellants and sterilizing
agents for example. With respect to heat transfer appli-
cations, the present compositions may be used as refrig-
erants in automotive air conditioning and heat pump sys-
tems, and in stationary air conditioning, heat pump and
refrigeration systems, among others.

[0008] In preferred embodiments, the fluids of the
present invention possess properties that have hereto-
fore been associated with CFCs, including chemical sta-
bility, low toxicity, non-flammability, and efficiency in-use,
while at the same time substantially reducing or eliminat-
ing the deleterious ozone depletion potential of such
compositions. In addition, the preferred embodiments of
the present invention provide compositions which also
substantially reduce or eliminate the negative global
warming effects associated with many compositions pre-
viously used as heat transfer fluids, blowing agents, pro-
pellants, sterilants, and others. This difficult to achieve
combination of characteristics is important, for example,
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inlow temperature air conditioning, refrigeration and heat
pump applications, among others.

[0009] The present invention thus provides preferred
composition comprising from about 1 to about 40 percent,
onaweightbasis, of carbon dioxide (CO,) and from about
60 to about 99 percent, on a weight basis, of acompound
having the Formula | XCF,R3._, (), where Xisa C, ora
C; unsaturated, substituted or unsubstituted, alkyl radi-
cal, each Ris independently CI, F, Br, lorH, and z is 1
to 3. In preferred embodiments, the Formula (I) com-
pound is tetrafluoropropene, more preferably tetrafluor-
opropene selected from the group consisting of 1,1,1,3-
tetrafluoropropene (either cis or trans but preferably tran-
sHFO-1234ze.), 1,1,1,2-tetrafluoroprapene (HFO-
1234yf, and combinations of these. Compounds of For-
mulal are disclosed in copending U.S. Patent Application
10/694,273, which is incorporated herein by reference.
Preferred compositions of the invention, particularly
where the composition is a heat transfer fluid, comprise
from about 5 to about 30 percent by weight of carbon
dioxide (CO,) and from about 70 to about 95 percent by
weight of Formula | compound, preferably HFO-1234ze
and/or HFO-1234yf. The preferred fluids of the present
invention have a vapor pressure of at least about 30 psia
at 357F. The fluids are also preferably not azeotropic.

BRIEF DESCRIPTION OF THE DRAWING
[0010]

Figure 1 is a graphical representation of the dew and
bubble points of certain embodiments of the present
compositions consisting of transHFO-1234ze and
CO, at about 32°F.

Figure 2 is a graphical representation of the dew and
bubble points of certain embodiments of the present
compositions consisting of transHFO-1234ze and
CO, at 1007F.

Figure 3 is a graphical representation of test results
showing the performance of certain embodiments of
the present compositions consisting of transHFO-
1234ze and CO, in comparison to previous compo-
sitions.

Figure 4 is a graphical representation of test results
showing the performance of certain embodiments of
the present compositions consisting of transHFO-
1234ze and CO, in comparison to previous compo-
sitions.

Figure 5 is a graphical representation of the dew and
bubble points of certain embodiments of the present
compositions consisting of HFO-1234yf and CO, of
the present invention at about 327F.

Figure 6 is a graphical representation of the dew and
bubble points of certain embodiments of the present
compositions consisting of HFO-1234yf and CO, at
about 1007F.

Figure 7 is a graphical representation of test results
showing the performance of certain embodiments of
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the present compositions consisting of HFO-1234yf
and CO, in comparison to previous compositions.
Figure 8 is a graphical representation of test results
showing the performance of certain embodiments of
the present compositions consisting of HFO-1234yf
and CO, in comparison to previous compositions.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0011] The present inventors have developed compo-
sitions that help to satisfy the continuing need for alter-
natives to CFCs and HCFCs. According to certain em-
bodiments, the present invention provides compositions
comprising CO, and one or more tetrafluoropropene
compounds, including preferably trans-1,1,1,3-
tetrafluoropropene ("transHFO-1234ze"), cis-1,1,1,3-
tetrafluoropropene ("cisHFO-1234ze"), HFO-1234yf and
combinations of these.

[0012] The term "HFO-1234" is used herein to refer to
all tetrafluoropropenes. Among the tetrafluoropropenes
are included HFO-1234yf and both cis- and trans-1, 1,
1, 3-tetrafluoropropene (HFO-1234ze). The term HFO-
1234ze is used herein generically to refer to 1, 1,1, 3-
tetrafluoropropene, independent of whether it is the cis-
or transform. The terms "cisHFO-1234ze" and "transH-
FO-1234ze" are used herein to describe the cis- and
trans- forms of 1, 1, 1, 3-tetrafluoropropene respectively.
The term "HFO-1234ze" therefore includes within its
scope cisHFO-1234ze, transHFO-1234ze, and all com-
binations and mixtures of these.

[0013] Although the properties of cisHFO-1234ze and
transHFO-1234ze differ in at least some respects, it is
contemplated that each of these compounds is adaptable
for use, either alone or together with other compounds
including its stereoisomer, in connection with each of the
compositions, applications, methods and systems de-
scribed herein. For example, while transHFO-1234ze
may be preferred for use in certain refrigeration systems
because of its relatively low boiling point (-19° C), it is
nevertheless contemplated that cisHFO-1234ze, with a
boiling point of +9° C, also has utility in certain refriger-
ation systems of the present invention. Accordingly, it is
to be understood that the terms "HFO-1234ze" and
1,1,1,3-tetrafluoropropene refer to both stereo isomers,
and the use of this term is intended to indicate that each
of the cis-and trans- forms applies and/or is useful for the
stated purpose unless otherwise indicated.

[0014] HFO-1234 compounds are known materials
and are listed in Chemical Abstracts databases. The pro-
duction of fluoropropenes such as CF3CH=CH2 by cat-
alytic vapor phase fluorination of various saturated and
unsaturated halogen-containing C3 compounds is de-
scribed in U.S. Patent Nos. 2,889,379; 4,798,818 and
4,465,786, each of which is incorporated herein by ref-
erence. EP 974,571, also incorporated herein by refer-
ence, discloses the preparation of 1,1,1,3-tetrafluoropro-
pene by contacting 1,1,1,3,3-pentafluoropropane (HFC-
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245fa) in the vapor phase with a chromium-based cata-
lyst at elevated temperature, or in the liquid phase with
an alcoholic solution of KOH, NaOH, Ca(OH)2 or Mg(OH)
2. In addition, methods for producing compounds in ac-
cordance with the present invention are described gen-
erally in connection with pending United States Patent
Application entitled "Process for Producing Fluoroprope-
nes" bearing attorney docket number (H0003789
(26267)), which is also incorporated herein by reference.
[0015] Inaddition, applicants have recognized that the
present compositions, and, preferably compositions in
which the combination of HFO-1234 and CO, together
comprise at least about 50% by weight of the composi-
tion, exhibit properties that make that make them advan-
tageous for use as, or in, numerous applications, includ-
ing as heat transfer compositions (including as refriger-
ants in automotive air conditioning and heat pump sys-
tems, and in stationary air conditioning, heat pump and
refrigeration systems), blowing agents, propellants, ster-
ilizing agents and others. Accordingly, in yet other em-
bodiments, the present invention provides compositions
and methods associated with these and other uses.
[0016] The present compositions, particularly those
comprising HFO-1234yf, HFO-1234ze and combinations
of these, are believed to possess properties that are ad-
vantageous for a number of important reasons. For ex-
ample, applicants believe, based at least in part on math-
ematical modeling, that the fluoroolefins of the present
invention will not have a substantial negative affect on
atmospheric chemistry, being negligible contributors to
ozone depletion in comparison to some other halogen-
ated species. The preferred compositions of the present
invention thus have the advantage of not contributing
substantially to ozone depletion. The preferred compo-
sitions also do not contribute substantially to global
warming compared to many of the hydrofluoroalkanes
presently in use.

[0017] In certain preferred forms, compositions of the
present invention have a Global Warming Potential
(GWP) of not greater than about 1000, more preferably
not greater than about 500, and even more preferably
not greater than about 150. In certain embodiments, the
GWP of the present compositions is not greater than
about 100 and even more preferably not greater than
about 75. As used herein, "GWP" is measured relative
to that of carbon dioxide and over a 100-year time hori-
zon, as defined in "The Scientific Assessment of Ozone
Depletion, 2002, a report of the World Meteorological As-
sociation’s Global Ozone Research and Monitoring
Project," which is incorporated herein by reference.
[0018] In certain preferred forms, the present compo-
sitions also preferably have an Ozone Depletion Potential
(ODP) of not greaterthan 0.05, more preferably not great-
er than 0.02 and even more preferably about zero. As
used herein, "ODP" is as defined in "The Scientific As-
sessmentof Ozone Depletion, 2002, Areport of the World
Meteorological Association’s Global Ozone Research
and Monitoring Project," which is incorporated herein by
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reference.

[0019] The amount of the Formula | compounds, par-
ticularly HFO-1234, contained in the present composi-
tions can vary widely, depending the particular applica-
tion, and compositions containing more than trace
amounts and less than 100% of the compound are within
broad the scope of the present invention. In preferred
embodiments, the present compositions comprise HFO-
1234, preferably HFO-1234yf and/or HFO-1234ze, in
amounts from about 5% by weight to about 99% by
weight, and even more preferably from about 5% to about
95%. Many additional compounds may be included in
the present compositions, and the presence of all such
compounds is within the broad scope of the invention. In
certain preferred embodiments, the present composi-
tions include, in addition to HFO-1234ze and/or HFO-
1234yf, one or more of the following:

Trichlorofluoromethane (CFC-11)
Dichlorodifluoromethane (CFC-12)
Difluoromethane (HFC-32)
Pentafluoroethane (HFC-125)
1,1,2,2-tetrafluoroethane (HFC-134)
1,1,1,2-Tetrafluoroethane (HFC-134a)
Difluoroethane (HFC-152a)
1,1,1,2,3,3,3-Heptafluoropropane (HFC-227ea)
1,1,1,3,3,3-hexafluoropropane (HFC-236fa)
1,1,1,3,3-pentafluoropropane (HFC-245fa)
1,1,1,3,3-pentafluorobutane (HFC-365mfc)
water

[0020] The relative amount of any of the above noted
components, as well as any additional components which
may be included in present compositions, can vary widely
within the general broad scope of the present invention
according to the particular application for the composi-
tion, and all such relative amounts are considered to be
within the scope hereof.

[0021] Accordingly, applicants have recognized that
certain compositions of the presentinvention can be used
to great advantage in a number of applications. For ex-
ample, included in the presentinvention are methods and
compositions relating to heat transfer applications, foam
and blowing agent applications, propellant applications,
sprayable compositon applications, sterilaztion applica-
tions, and others. The present compositions are gener-
ally useful as replacements for CFCs, such as dichlorod-
ifluormethane (CFC-12), HCFCs, such as chlorodifluor-
omethane (HCFC-22), HFCs, such as tetrafluoroethane
(HFC-134a), and combinations of HFCs and CFCs, such
as the combination of CFC-12 and 1,1-difluorethane
(HFC-152a) (the combination CFC-12:HFC-152a in a
73.8:26.2 mass ratio being known as R-500) in refriger-
ant, aerosol, and other applications.

[0022] According to certain preferred embodiments,
the compositions of the present invention comprise, and
preferably consist essentially of, effective amounts of
HFO-1234 and CO,. The term "effective amounts" as
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used herein refers to the amount of each component
which upon combination with the other component(s),
results in the formation of a composition having the de-
sired properties, characteristics and functionality. It is be-
lieved that the amount of each compound required to
provide an effective amount can be readily determined
by those skilled in the art in view of the teachings con-
tained herein without undue experimentation.

[0023] Applicants believe that, in general, the compo-
sitions of the present invention are generally effective
and exhibit utility as refrigerant compositions, blowing
agent compositions, compatibilizers, aerosols, propel-
lants, fragrances, flavor formulations, and solvent com-
positions, among others.

THE HEAT TRANSFER FLUIDS

[0024] The heat transfer compositions of the present
invention are generally adaptable for use in heat transfer
applications, thatis, as a heating and/or cooling medium.
Although it is contemplated that the compositions of the
present invention may include, in widely ranging
amounts, compounds and/or components in addition to
the fluoroolefins and CO,, it is generally preferred that
heat transfer compositions of the present invention, in-
cluding refrigerant compositions, consist essentially of,
and in some embodiments consist of fluorolefin of For-
mula | and CO,.

[0025] The preferred heat transferfluids comprise, and
in certain preferred embodiments consist essentially of,
HFO-1234 and CO,. In certain preferred embodiments
the compositions consist essentially of HFO-1234ze and
CO,, and in other preferred embodiments the composi-
tions consist essentially of HFO-1234yf and CO,. The
relative amount of the hydrofluoroolefin used in accord-
ance with the present invention is preferably selected to
produce a heat transfer fluid which has the required heat
transfer capacity, particularly refrigeration capacity, and
preferably is at the same time non-flammable. As used
herein, the term non-flammable refers to a fluid which is
non-flammable in all proportions in air as measured by
ASTM E-681.

[0026] Incertain embodiments, such as those in which
both performance and non-flammability are especially
important, it is preferred that the heat transfer fluid com-
prise, and preferably consist of, from about 1 to about 40
wt % CO, and from about 60 to about 99 wt. % Formula
| compound, preferably HFO-1234ze and/or HFO-
1234yf, with fluids comprising from about 5 to about 35
wt. % CO, and from about 65 to about 95 wt % of HFO-
1234ze and/or HFO-1234yf, being even more preferred.
In highly preferred embodiments, the heat transfer fluid
consists essentially of, and in certain embodiments con-
sists of, HFO-1234ze and CO,. In certain other highly
preferred embodiments, the heat transfer fluid consists
essentially of, and in certain embodiments consists of,
HFO-1234yf and CO,.

[0027] The heat transfer fluids of the present invention
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are adaptable for use in a wide variety of heat transfer
applications, and all such applications are within the
scope of the present invention. The present fluids find
particular advantage and unexpectedly beneficial prop-
erties in connection with applications that require and/or
can benefit from the use of highly efficient, non-flamma-
ble refrigerants that exhibit low or negligible global warm-
ing effects, and low or no ozone depletion potential. The
present fluids also provide advantage to low temperature
refrigeration applications, such as those in which the re-
frigerant is provided at a temperature of about -20 ?C or
less and which have relatively high cooling power. The
preferred heat transfer fluids are highly efficient in that
they exhibit a coefficient of performance (COP) that is
high relative to the COP of the individual components of
the fluid and/or relative to many refrigerants which have
previously been used. The term COP is well known to
those skilled in the art and is based on the theoretical
performance of a refrigerant at specific operating condi-
tions as estimated from the thermodynamic properties of
the refrigerant using standard refrigeration cycle analysis
techniques. See, for example, "Fluorocarbons Refriger-
ants Handbook", Ch. 3, Prentice-Hall, (1988), by R. C.
Downing, which is incorporated herein by reference. The
coefficient of performance, COP, is a universally accept-
ed measure, especially useful in representing the relative
thermodynamic efficiency of a refrigerant in a specific
heating or cooling cycle involving evaporation or conden-
sation of refrigerant. COP is related to or a measure of
the ratio of useful refrigeration to the energy applied by
the compressor in compressing the vapor and therefore
expresses the capability of a given compressor to pump
quantities of heat for a given volumetric flow rate of a
heat transfer fluid, such as a refrigerant. In other words,
given a specific compressor, a refrigerant with a higher
COP will deliver more cooling or heating power.

[0028] Similarly the cooling capacity of a refrigerant is
also an important parameter and can be estimated from
the thermodynamic properties of the refrigerant. If the
refrigerant is to be used in a system designed for another
refrigerant, the capacity of the two refrigerants should be
similar, in order to obtain a similar performance and to
minimize the system adjustments and/or modifications
needed as part of the replacement process. Among the
common refrigerants being used in refrigeration and air
conditioning/ heat pumps, and which may be replaced
by the compositions of the presentinvention, are R-507A,
R-404A, R-22,R-407C and R-410A. The applicants have
found that various composition of this invention can be
used in the applications where these refrigerants are
used with slight adjustments in composition.

[0029] In certain preferred embodiments, the compo-
sitions of the present invention are used in refrigeration
systems originally designed for use with an HFC refrig-
erant, such as, for example, HFC-134a, or an HCFC re-
frigerant, such as, for example, HCFC-22. The preferred
compositions of the present invention tend to exhibit
many of the desirable characteristics of HFC-134a and
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other HFC refrigerants, including a GWP that is as low,
or lower than that of conventional HFC refrigerants, and
a capacity that is substantially similar to or substantially
matches, and preferably is as high as or higher than such
refrigerants. In particular, applicants have recognized
that the preferred compositions of the present invention
tend to exhibit relatively low global warming potentials
("GWPs"), preferably less than about 1000, more prefer-
ably less than about 500, and even more preferably less
than about 150. Certain embodiments are particularly de-
sirable as alternatives to or replacements for certain con-
ventional HFCs, such as R-404A or combinations of
HFC-32, HFC-125 and HFC-134a (the combination
HFC-32:HFC-125:HFC134a in approximate 23:25:52
weight ratio is referred to as R-407C), for use as refrig-
erants in many applications. Heat transfer compositions
of the present invention are particularly preferred as al-
ternates to or replacements for HFC-32, HFC-125, HFC-
134a, HFC-143a, HFC-152a, HFC-22, R-12 and R-500.
[0030] In certain other preferred embodiments, the
present compositions are used in heat transfer systems
in general, and in refrigeration systems in particular, orig-
inally designed for use with a CFC-refrigerant. As used
herein the term "refrigeration system" refers generally to
any system or apparatus, or any part or portion of such
a system or apparatus, which employs a refrigerant to
provide cooling. Such refrigeration systems include, for
example, air conditioners, electric refrigerators, chillers
(including chillers using centrifugal compressors), trans-
port refrigeration systems, commercial refrigeration sys-
tems and the like.

[0031] In certain preferred embodiments, the present
compositions, particularly compositions in the form of
heat transfer fluids generally and refrigerants in particu-
lar, further comprise a lubricant. Any of a variety of con-
ventional and unconventional lubricants may be used in
the compositions of the present invention. An important
requirement for the lubricant is that, when in use in a
refrigerant system, there must be sufficient lubricant re-
turning to the compressor of the system such that the
compressor is lubricated. Thus, suitability of a lubricant
for any given system is determined partly by the refrig-
erant/lubricant characteristics and partly by the charac-
teristics of the system in which it is intended to be used.
Examples of suitable lubricants, which are generally
those commonly used in refrigeration machinery using
or designed to use hydrofluorocarbon (HFC) refrigerants,
chloroflurocarbon refrigerants and hydrochlorofluorocar-
bons refrigerants, include mineral oil, silicone oil, poly-
alkyl benzenes (sometimes referred to as PABs), polyol
esters (sometimes referred to as POEs), polyalkylene
glycols (sometimes referred to as PAGs), polyalkylene
glycol esters (sometimes referred to as PAG esters), pol-
yvinyl ethers (sometimes referred to as PVEs), poly(al-
pha-olefin) (sometimes referred to as PAOs), and halo-
carbon oils, particularly poly(chlorotrifluorethylene) and
the like. Mineral oil, which comprises paraffin oil or naph-
thenic oil, is commercially available. Commercially avail-
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able mineral oils include Witco LP 250 (registered trade-
mark) from Witco, Zerol 300 (registered trademark) from
Shrieve Chemical, Sunisco 3GS from Witco, and Ca-
lumet RO15 from Calumet. Commercially available poly-
alkyl benzene lubricants include Zerol 150 (registered
trademark). Commercially available esters include neo-
pentyl glycol dipelargonate which is available as Emery
2917 (registered trademark) and Hatcol 2370 (registered
trademark). Commercially available PAGs include Mo-
torcraft PAG Refrigerant Compressor Qil, available from
Ford, with similar products being available from Dow.
Commercially available PAOs include CP-4600 from CPI
Engineering. Commercially available PVEs are available
from Idemitsu Kosan. Commercially available PAG es-
ters are available from Chrysler. Other useful esters in-
clude phosphate esters, dibasic acid esters, and fluor-
oesters.

[0032] For refrigeration systems using or designed to
use HFCs, it is generally preferred to use as lubricants
PAGs, PAG esters, PVEs, and POEs, particularly for sys-
tems comprising compression refrigeration, air-condi-
tioning (especially for automotive air conditioning) and
heat pumps. For refrigeration systems using or designed
to use CFCs or HCFCs, it is generally preferred to use
as lubricants mineral oil or PAB. In certain preferred em-
bodiments, the lubricants of this invention are organic
compounds which are comprised of carbon, hydrogen
and oxygen with a ratio of oxygen to carbon which pro-
vides, in combination with the amounts used, effective
solubility and/or miscibility with the refrigerant to ensure
sufficient return of the lubricant to the compressor. This
solubility or miscibility preferably exists at at least one
temperature from about -30°C and 70°C.

[0033] PAGs and PAG esters are highly preferred in
certain embodiments because they are currently in use
in particular applications such as original equipment mo-
bile air-conditioning systems. Polyol esters are highly
preferred in other certain embodiments because they are
currently in usein particular non-mobile applications such
as residential, commercial, and industrial air conditioning
and refrigeration. Of course, different mixtures of different
types of lubricants may be used.

[0034] Many existing refrigeration systems are cur-
rently adapted for use in connection with existing refrig-
erants, and the compositions of the present invention are
believed to be adaptable for use in many of such systems,
either with or without system modification. In many ap-
plications the compositions of the present invention may
provide an advantage as a replacement in smaller sys-
tems currently based on certain refrigerants, for example
those requiring a small refrigerating capacity and thereby
dictating a need for relatively small compressor displace-
ments. Furthermore, in embodiments where it is desired
to use a lower capacity refrigerant composition of the
present invention, for reasons of efficiency for example,
to replace a refrigerant of higher capacity, such embod-
iments of the present compositions provide a potential
advantage. Thus, it is preferred in certain embodiments
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to use compositions of the present invention, particularly
compositions comprising a substantial proportion of, and
in some embodiments consisting essentially of the
present compositions, as a replacement for existing re-
frigerants, such as: HFC-134a; CFC-12; HCFC-22;
HFC-152a; combinations of pentfluoroethane (HFC-
125), trifluorethane (HFC-143a) and tetrafluoroethane
(HFC-134a) (the combination HFC-125:HFC-143a:
HFC134a in approximate 44:52:4 weight ratio is referred
to as R-404A); combinations of HFC-32, HFC-125 and
HFC-134a (the combination HFC-32:HFC-125:
HFC134a in approximate 23:25:52 weight ratio is re-
ferred to as R-407C); combinations of methylene fluoride
(HFC-32) and pentfluoroethane (HFC-125) (the combi-
nation HFC-32:HFC-125 in approximate 50:50 weight ra-
tio is referred to as R-410A and also as AZ-20); the com-
bination of CFC-12 and 1,1-difluorethane (HFC-152a)
(the combination CFC-12:HFC-152a in a 73.8:26.2
weight ratio is referred to R-500); and combinations of
HFC-125 and HFC-143a (the combination HFC-125:
HFC143a in approximate 50:50 weight ratio is referred
to as R-507A). In certain embodiments it may also be
beneficial to use the present compositions in connection
with the replacement of refrigerants formed from the com-
bination HFC-32:HFC-125:HFC134a in approximate 20:
40:40 weight ratio, which is referred to as R-407A, orin
approximate 15:15:70 weight ratio, which is referred to
as R-407D. The present compositions are also believed
to be suitable as replacements for the above noted com-
positions in other applications, such as aerosols, blowing
agents and the like.

[0035] In certain applications, the refrigerants of the
present invention potentially permit the beneficial use of
larger displacement compressors, thereby resulting in
better energy efficiency than other refrigerants, such as
HFC-134a. Therefore the refrigerant compositions of the
present invention provide the possibility of achieving a
competitive advantage on an energy basis for refrigerant
replacement applications.

[0036] It is contemplated that the compositions of the
present also have advantage (either in original systems
or when used as a replacement for refrigerants such as
CFC-12, HCFC-22, HFC-134a, HFC-152a, R-500 and
R-507A), in chillers typically used in connection with com-
mercial air conditioning and refrigeration systems. In cer-
tain of such embodiments it is preferred to including in
the present compositions from about 0.5 to about 30%
of a supplemental flammability suppressant, and in cer-
tain cases more preferably 0.5% to about 15% by weight
and even more preferably from about 0.5 to about 10%
on a weight basis. In this regard it is noted that the CO,
and HFO-1234 components of the present compositions
may in certain embodiments act as flammability suppres-
sants with respect to other components in the composi-
tion. Forexample, CO, is believed to function to suppress
the flammability of HFO-1234ze. In cases where other
components more flammable are included in the compo-
sition, HFO1234-ze and CO, may each function to sup-
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press the flammability of such other component. Thus,
components other than HFO1234-ze and CO, which
have flammability suppressant functionality in the com-
position will sometimes be referred to herein as a sup-
plemental flammability suppressant.

[0037] Incertainembodiments, co-refrigerants, includ-
ing for example HFCs, HCFCs and CFCs may be includ-
ed in the heat transfer compositions of the present inven-
tion, including one or more of the following, including any
and all isomers thereof:

Trichlorofluoromethane (CFC-11)
Dichlorodifluoromethane (CFC-12)
Difluoromethane (HFC-32)
Pentafluoroethane (HFC-125)
1,1,2,2-tetrafluoroethane (HFC-134)
1,1,1,2-Tetrafluoroethane (HFC-134a)
Difluoroethane (HFC-152a)
1,1,1,2,3,3,3-Heptafluoropropane (HFC-227ea)
1,1,1,3,3,3-hexafluoropropane (HFC-236fa)
1,1,1,3,3-pentafluoropropane (HFC-245fa)
1,1,1,3,3-pentafluorabutane (HFC-365mfc)
water

[0038] The relative amount of any of the above noted
components, as well as any additional components which
may be included in present compositions, may be incor-
porated in amounts depending on the particular applica-
tion for the composition, and all such relative amounts
are considered to be within the scope hereof.

[0039] The present methods, systems and composi-
tions are thus adaptable for use in connection with auto-
motive air conditioning systems and devices, commercial
refrigeration systems and devices, chillers (including sys-
tems which utilize centrifugal compressors), residential
refrigerator and freezers, general air conditioning sys-
tems, heat pumps, and the like.

[0040] As mentioned before, any additional compo-
nents (such as stabilizers, passivators, and the like) not
specifically mentioned herein but known to those skilled
in the art may be added to the composition to tailor the
properties to the need.

HEAT TRANSFER METHODS AND SYSTEMS

[0041] The method aspects of the present invention
comprise transferring heat to or from a body using a heat
transfer fluid in accordance with the present invention.
Sensible heat transfer and/or heat transfer by means of
evaporation or condensation are within the scope of the
present invention. Those skilled in the art will appreciate
that many known methods may adapted for use with the
presentinventionin view of the teachings contained here-
in, and all such methods are within the broad scope here-
of. Forexample, vapor compressions cycles are methods
commonly used for refrigeration and/or air conditioning.
Inits simplest form, the vapor compression cycle involves
providing the present heat transfer fluid in liquid form and
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changing the refrigerant from the liquid to the vapor phase
through heat absorption, generally at relatively low pres-
sure, and then from the vapor to the liquid phase through
heat removal, generally at an elevated pressure. In such
embodiments, the refrigerant of the present invention is
vaporized in one or more vessels, such as an evaporator,
which is in contact, directly or indirectly, with the body to
be cooled. The pressure in the evaporator is such that
vaporization of the heat transfer fluid takes place at a
temperature below the temperature of the body to be
cooled. Thus, heat flows from the body to the refrigerant
and causes the refrigerant to vaporize. The heat transfer
fluid in vapor form is then removed, preferably by means
of a compressor or the like which at once maintains a
relatively low pressure in the evaporator and compresses
the vapor to a relatively high pressure. The temperature
of the vapor is also generally increased as a result of the
addition of mechanical energy by the compressor. The
high pressure vapor then passes to one or more vessels,
preferably a condenser, whereupon heat exchange with
a lower temperature medium removes the sensible and
latent heats, producing subsequent condensation. The
liquid refrigerant, optionally with further cooling, then
passes to the expansion valve and is ready to cycle again.
[0042] In one embodiment, the present invention pro-
vides a method for transferring heat from a body to be
cooled to the present heat transfer fluid comprising com-
pressing the fluid in a centrifugal chiller, which may be
single or multi-stage. As used herein, the term "centrifu-
gal chiller" refers to one or more pieces of equipment
which cause an increase in the pressure of the present
heat transfer fluid.

Certain preferred methods for heating a fluid or body
comprise condensing a refrigerant composition compris-
ing an azeotrope-like composition of the present inven-
tion in the vicinity of the fluid or body to be heated and
thereafter evaporating said refrigerant composition. In
light of the disclosure herein, those of skill in the art will
be readily able to heat and cool articles according to the
present inventions without undue experimentation.
[0043] Applicants have found that in the systems of
the present invention many of the important refrigeration
system performance parameters are relatively close to
the parameters for referigerants such as R-134a, HCFC-
22, R-407C, R-410A and combinations of these. Since
many existing refrigeration systems have been designed
for these referigerants, particularly R-134a, or for other
refrigerants with properties similar to these, those skilled
in the art will appreciate the substantial advantage of a
low GWP and/or a low ozone depleting refrigerant that
can be used as replacement for R-134a, HCFC-22, R-
407C, R-410A or like refrigerants with relatively minimal
modifications to the system. It is contemplated that in
certain embodiments the present invention provides ret-
rofitting methods which comprise replacing the refriger-
ant in an existing system with a composition of the
present invention, without substantial modification of the
system. In certain preferred embodiments the replace-

10

15

20

25

30

35

40

45

50

55

ment step is a drop-in replacement in the sense that no
substantial redesign of the system is required and no
major item of equipment needs to be replaced in order
to accommodate the refrigerant of the present invention.
In certain preferred embodiments, the methods comprise
adrop-in replacement in which the capacity of the system
is at least about 70%, preferably at least about 85%, and
even more preferably at least about 90% of the system
capacity prior to replacement. In certain preferred em-
bodiments, the methods comprise a drop-in replacement
in which the suction pressure and/or the discharge pres-
sure of the system, and even more preferably both, is/are
at least about 70%, more preferably at least about 90%
and even more preferably at least about 95% of the sys-
tem capacity prior to replacement. In certain preferred
embodiments, the methods comprise a drop-in replace-
ment in which the mass flow of the system is at least
about 80%, and even more preferably at least 90% of
the system capacity prior to replacement.

[0044] In certain preferred embodiments, the methods
for cooling, including cooling of other fluid either directly
orindirectly or a body directly or indirectly, comprise con-
densing the present refrigerant composition and there-
after evaporating said refrigerant composition in the vi-
cinity of the fluid or body to be cooled. As used herein,
the term "body" is intended to refer not only to inanimate
objects but also to living tissue, including animal tissue
in general and human tissue in particular. For example,
certain aspects of the present invention involve applica-
tion of the present composition to human tissue for one
or more therapeutic purposes, such as a pain killing tech-
nique, as a preparatory anesthetic, or as part of a therapy
involving reducing the temperature of the body being
treated. In certain embodiments, the application to the
body comprises providing the present compositions in
liquid form under pressure, preferably in a pressurized
container having a one-way discharge valve and/or noz-
zle, and releasing the liquid from the pressurized con-
tainer by spraying or otherwise applying the composition
to the body. As the liquid evaporates from the surface
being sprayed, the surface cools.

[0045] The present invention also provides methods,
systems and apparatus for cooling of objects or very
small portions of objects to very low temperatures, some-
times referred to herein for the purposes of convenience,
but not by way of limitation, as micro-freezing. The ob-
jects to be cooled in accordance with the present micro-
freezing methods may include not only inanimate matter
(eg., electronic components), but also animate matter
(biological matter) In certain embodiments, the invention
provides for selective cooling of a very small or even mi-
croscopic object to a very low temperature without sub-
stantially affecting the temperature of surrounding ob-
jects. Such methods, which are sometimes referred to
herein as "selective micro-freezing," are advantageous
in several fields, such as for example in electronics,
where it may be desirable to apply cooling to a miniature
component on a circuit board without substantially cool-
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ing adjacent components. Such methods may also pro-
vide advantage in the field of medicine, where it may be
desirable cool miniature discrete portions of biological
tissue to very low temperatures in the performance of
medical techniques, including for anesthetic purposes,
pain killing purposes, therapeutic purposes (eg., cryosur-
gery), preferably without substantially cooling adjacent
tissues.

[0046] Cryosurgery methods of the present invention
include, but are not limited to, medical (such as gynecol-
ogy, dermatology, neurosurgery and urology), dental,
and veterinary procedures. Unfortunately, currently
known instruments and methods for selective micro-
freezing have several limitations which make their use
difficult or impossible in such fields. Specifically, known
systems do not always have sufficient precision and flex-
ibility to allow their widespread use in endoscopic and
percutaneous cryosurgery.

[0047] One major advantage of the present methods
and systems is the ability to provide relatively low tem-
perature cooling with systems and methods that require
relatively simple equipment and/or require only moder-
ately elevated pressures. By way of contrast, typical prior
art cryosurgical methods used liquid nitrogen or nitrous
oxide as coolant fluids. Liquid nitrogen is usually either
sprayed onto the tissue to be destroyed, oritis circulated
to cool a probe which is applied to the tissue. Liquid ni-
trogen has an extremely low temperature of approximate-
ly 777K, and a high cooling capacity, making it very de-
sirable for this purpose. However, liquid nitrogen typically
evaporates and escapes to the atmosphere during use,
requiring the continual replacement of storage tanks. Fur-
ther, since the liquid is so cold, the probes and other
equipment used for its application require vacuum jack-
ets or other types of insulation to protect the surrounding
tissue. This makes the probes relatively complex, bulky,
and rigid, and therefore unsuitable for endoscopic or in-
travascular use. The need for relatively bulky supply hos-
es and the progressive cooling of all the related compo-
nents make the liquid nitrogen instruments less than
comfortable for the physician, as well, and they can cause
undesired tissue damage. Furthermore, nitrous oxide
systems used in cryosurgery pressurize the gas to 700
to 800 psia in order to reach practical cooling tempera-
tures of no lower than about 1907K to 2107K. In the pre-
ferred systems and methods of the present invention,
particularly cooling apparatus use in the production of
lasers, superconductors and electronics, and in cryosur-
gery, the system and methods operate effectively and
with a high degree of efficiency using a heat transfer fluid
of the present invention and a fluid let-down pressure
less than about 420 psia.

PROPELLANT AND AEROSOL COMPOSITIONS
[0048] In another embodiment, the compositions of

this invention may be used as propellants in sprayable
compositions, either alone or in combination with known
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propellants. The propellant composition comprises, more
preferably consists essentially of, and, even more pref-
erably, consists of the compositions of the invention. The
active ingredient to be sprayed together with inert ingre-
dients, solvents, and other materials may also be present
in the sprayable mixture. Preferably, the sprayable com-
position is an aerosol. Suitable active materials to be
sprayed include, without limitation, cosmetic materials
such as deodorants, perfumes, hair sprays, cleansers,
and polishing agents as well as medicinal materials
and/or biologically active materials, such as anti-asthma
and any other medication or the like, including preferably
any other medicament or agent intended to be inhaled.
[0049] The medicament or other therapeutic agent is
preferably present in the composition in a therapeutic
amount, with a substantial portion of the balance of the
composition comprising a compound of Formula | of the
present invention, preferably HFO-1234, and even more
preferably HFO-1234yf and/or HFO-1234ze.

[0050] Aerosol products for industrial, consumer or
medical use typically contain one or more propellants
along with one or more active ingredients, inert ingredi-
ents or solvents. The propellant provides the force that
expels the product in aerosolized form. While some aer-
osol products are propelled with compressed gases like
carbon dioxide, nitrogen, nitrous oxide and even air, most
commercial aerosols use liquefied gas propellants. The
most commonly used liquefied gas propellants are hy-
drocarbons such as butane, isobutane, and propane.
Dimethyl ether and HFC-152a (1, 1-difluoroethane) are
also used, either alone or in blends with the hydrocarbon
propellants. Unfortunately, all of these liquefied gas pro-
pellants are highly flammable and their incorporation into
aerosol formulations will often result in flammable aerosol
products.

[0051] Applicants have come to appreciate the contin-
uing need for nonflammable, liquefied gas propellants
with which to formulate aerosol products. The present
invention provides compositions of the present invention,
particularly and preferably compositions comprising CO,
and HFO-1234, and even more preferably HFO-1234yf
and/or HFO-1234ze, for use in certain industrial aerosol
products, including for example spray cleaners, lubri-
cants, and the like, and in medicinal aerosols, including
for example to deliver medications to the lungs or mu-
cosal membranes. Examples of this includes metered
dose inhalers (MDIs) for the treatment of asthma and
other chronic obstructive pulmonary diseases and for de-
livery of medicaments to accessible mucous membranes
orintranasally. The presentinvention thus includes meth-
ods for treating ailments, diseases and similar health re-
lated problems of an organism (such as a human or an-
imal) comprising applying a composition of the present
invention containing a medicament or other therapeutic
component to the organism in need of treatment. In cer-
tain preferred embodiments, the step of applying the
present composition comprises providing a MDI contain-
ing the composition of the presentinvention (for example,
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introducing the composition into the MDI) and then dis-
charging the present composition from the MDI.

[0052] The compositions of the present invention, par-
ticularly compositions comprising or consisting essential-
ly of CO, and HF4-1234 (preferably HFO-1234yf, HFO-
1234ze and combinations thereof), are capable of pro-
viding nonflammable, liquefied gas propellant and aero-
sols that do not contribute substantially to global warm-
ing. The present compositions can be used to formulate
a variety of industrial aerosols or other sprayable com-
positions such as contact cleaners, dusters, lubricant
sprays, and the like, and consumer aerosols such as per-
sonal care products, household products and automotive
products. The present compositions are particularly pre-
ferred for use as an important component of propellant
compositions for in medicinal aerosols such as metered
dose inhalers. The medicinal aerosol and/or propellant
and/or sprayable compositions of the present invention
in many applications include, in addition to CO, and a
compound of formula () or (II) (preferably HFO-1234), a
medicament such as a beta-agonist, a corticosteroid or
other medicament, and, optionally, other ingredients,
such as surfactants, solvents, other propellants, flavo-
rants and other excipients. The compositions of the
present invention, unlike many compositions previously
used in these applications, have good environmental
properties and are not considered to be potential contrib-
utors to global warming or ozone depletion. The present
compositions therefore provide in certain preferred em-
bodiments substantially nonflammable, liquefied gas
propellants having very low Global Warming potentials
and/or low ozone depletions, as described above.

BLOWING AGENTS, FOAMS, FOAMABLE COMPO-
SITIONS AND FOAMING METHODS

[0053] Yet another embodiment of the present inven-
tion relates to blowing agents comprising a composition
of the present invention. In one embodiment, the blowing
agent comprises, and preferably consists essentially of,
compositions of the present invention. In general, the
blowing agent may include the compositions of the
present invention in widely ranging amounts. It is gener-
ally preferred, however, that the blowing agents comprise
compound(s) of formula | and CO,, with amount of these
components together comprising at least about 5 % by
weight, and even more preferably at least about 15 % by
weight, of the blowing agent. In certain preferred embod-
iments, the compound(s) of formula | and CO,, together
comprises at least about 50% by weight of the blowing
agent, and in certain embodiments the blowing agent
consists essentially of compound(s) of formulaland CO,.
[0054] In certain preferred embodiments, the blowing
agent includes, in addition to compound(s) of formula |
and CO,, one or more of co-blowing agents, fillers, vapor
pressure modifiers, flame suppressants, stabilizers and
like adjuvants.

[0055] In other embodiments, the invention provides
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foamable compositions. The foamable compositions of
the presentinvention generally include one or more com-
ponents capable of forming foam having a generally cel-
lular structure and a blowing agent in accordance with
the present invention. In certain embodiments, the one
or more components comprise a thermosetting compo-
sition capable of forming foam and/or foamable compo-
sitions. Examples of thermosetting compositions include
polyurethane and polyisocyanurate foam compositions
and also phenolic foam compositions. In such foam em-
bodiments, one or more of the present compositions are
included as a blowing agent in a foamable composition,
which composition preferably includes one or more ad-
ditional components capable of reacting and foaming, or
as a part of a premix containing one or more parts of the
foamable composition, which preferably includes one or
more of the components capable of reacting and/or foam-
ing under the proper conditions to form a foam or cellular
structure, as is well known in the art.

[0056] Any of the methods well known in the art, such
as those described in "Polyurethanes Chemistry and
Technology," Volumes | and Il, Saunders and Frisch,
1962, John Wiley and Sons, New York, NY, which is in-
corporated herein by reference, may be used or adapted
for use in accordance with the foam embodiments of the
present invention.

[0057] In yet other embodiments, the invention pro-
vides foamable compositions comprising thermoplastic
or polyolefin foams, such as polystyrene (PS), polyeth-
ylene (PE), polypropylene (PP) and polyethyleneterptha-
late (PET) foams, preferably low density foams. That is,
in certain preferred embodiments, the one or more com-
ponents comprise thermoplastic materials, particularly
thermoplastic polymers and/or resins. Other examples
of thermoplastic foam components include.

[0058] The present invention also provides go , and
foams formed there from, preferably low-density foams.
In certain embodiments, the thermoplastic foamable
composition is an extrudable composition.

[0059] It will be appreciated by those skilled in the art,
especially in view of the disclosure contained herein, that
the order and manner in which the blowing agent of the
presentinvention is formed and/or added to the foamable
composition does not generally affect the operability of
the presentinvention. For example, in the case of extrud-
able foams, it is possible that the various components of
the blowing agent, and even the components of the
present composition, not be mixed in advance of intro-
duction to the extrusion equipment, or even that the com-
ponents are not added to the same location in the extru-
sion equipment. Thus, in certain embodiments it may be
desired to introduce one or more components of the blow-
ing agent at first location in the extruder, which is up-
stream of the place of addition of one or more other com-
ponents of the blowing agent, with the expectation that
the components will come together in the extruder and/or
operate more effectively in this manner. Nevertheless, in
certain embodiments, two or more components of the
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blowing agent are combined in advance and introduced
together into the foamable composition, either directly or
as part of premix which is then further added to other
parts of the foamable composition.

[0060] The invention also relates to foam, and prefer-
ably closed cell foam, prepared from a polymer foam for-
mulation containing a composition of the invention, pref-
erably as part of blowing agent.

[0061] Other uses of the present compositions include
use as solvents for example as supercritical or high pres-
sure solvents, deposition agents, as a carrier or part of
delivery system for flavor formulations and fragrance for-
mulations extractants of fragrances, including from plant
matter, cleaning agents, and the like. Those of skill in the
art will be readily able to adapt the present compositions
for use in such applications without undue experimenta-
tion.

EXAMPLES

[0062] The invention is further illustrated in the follow-
ing examples, which are intended to be illustrative, but
not limiting in any manner.

Example 1

[0063] The bubble (Px) and dew (Py) pressures of var-
ious mixtures of trans-HFO-1234ze and CO2 are given
below at 327F (Figure 1) and 100°F (Figure 2), as function
of CO, mole fraction (composition). The fact that these
pressures for any of the mixture compositions are inter-
mediate between that of the pure components and are
neither above nor below those of the pure components
indicates that these compositions are non-azeotropic.

Comparative Example 1

[0064] This example illustrates the performance char-
acteristics of a heat transfer fluid consisting of certain
preferred compositions of the present invention com-
pared to that of R-507A and R-404A, two refrigerants
commonly used in low temperature and commercial re-
frigeration.

[0065] The test conditions are as follows:

Mean Evaporator temp -30°F
Mean Condenser temp 100°F
Compressor displacement 10 ft3/min

The results are illustrated in Figure 3. Under the condi-
tions of the present test, it is observed that a good ca-
pacity match is obtained by a preferred composition of
the present invention in comparision to R-404A and R-
507A (also known as AZ-50) at 8 to 14 wt% CO2 (92 to
86 wt% transHFO-1234ze) composition.
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Comparative Example 2.

[0066] This example illustrates the performance char-
acteristics of a heat transfer fluid consisting of preferred
compositions of the present invention compared to that
of R-410A (also known as AZ-20), R-407C and R-22,
three refrigerants commonly used in air conditioning,
heat pumps and chillers. The test conditions are as fol-
lows:

Mean Evaporator temp 35°F
Mean Condenser temp 110°F
Compressor displacement 10 ft3/min

The results are given in Figure 4. Under the conditions
of the present test, it is observed that a good capacity
match is obtained with R-22 and R-407C in comparison
to certain preferred compositions of the present inven-
tion, namely 8 to 16 wt% CO2 (92 to 84 wt% HFO-
1234ze), and that a good capacity match is obtained with
R-410A (also known as AZ-20) in comparison to certain
preferred compositions of the present invention, namely,
20 to 35 wt% CO2 (80 to 65 wt% transHFO-1234ze).
[0067] Itis apparent that many modifications and var-
iations of this invention as hereinabove set forth may be
made without departing from the spirit and scope thereof.
The specific embodiments are given by way of example
only and the invention is limited only by the terms of the
appended claims.

Example 2

[0068] The bubble (Px) and dew (Py) pressures of var-
ious mixtures of trans-HFO-1234yf and CO2 are given
below at 327F (Figure 1) and 100°F (Figure 2), as function
of CO, mole fraction (composition). The fact that these
pressures for any of the mixture compositions are inter-
mediate between that of the pure components and are
neither above nor below those of the pure components
indicates that these compositions are non-azeotropic.

Comparative Example 1

[0069] This example illustrates the performance char-
acteristics of a heat transfer fluid consisting of certain
preferred compositions of the present invention com-
pared to that of R-507A and R-404A, two refrigerants
commonly used in low temperature and commercial re-
frigeration.

[0070] The test conditions are as follows:

Mean Evaporator temp -30°F
Mean Condenser temp 100°F

Compressor displacement 10 ft3/min
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The results are illustrated in Figure 3. Under the condi-
tions of the present test, it is observed that a good ca-
pacity match is obtained by a preferred composition of
the present invention in comparision to R-404A and R-
507A (also known as AZ-50) at 5 to 12 wt% CO2 (95 to
88 wt% HFO-1234yf) composition.

Comparative Example 2.

[0071] This example illustrates the performance char-
acteristics of a heat transfer fluid consisting of preferred
compositions of the present invention compared to that
of R-410A (also known as AZ-20), R-407C and R-22,
three refrigerants commonly used in air conditioning,
heat pumps and chillers. The test conditions are as fol-
lows:

Mean Evaporator temp 35°F
Mean Condenser temp 110°F
Compressor displacement 10 ft3/min

The results are given in Figure 4. Under the conditions
of the present test, it is observed that a good capacity
match is obtained with R-22 and R-407C in comparison
to certain preferred compositions of the present inven-
tion, namely 5to 10 wt% CO2 (95 to 90 wt% HF O-1234yf),
and that a good capacity match is obtained with R-410A
(also known as AZ-20) in comparison to certain preferred
compositions of the present invention, namely, 15 to 25
wt% CO2 (85 to 75 wt% HFO-1234yf).

[0072] Itis apparent that many modifications and var-
iations of this invention as hereinabove set forth may be
made without departing from the spirit and scope thereof.
The specific embodiments are given by way of example
only and the invention is limited only by the terms of the
appended claims.

Numbered Embodiments

Numbered Embodiment 1

[0073] A composition comprising from about 1 to about
40 percent by weight of carbon dioxide (CO,) and from
about 60 to about 99 percent by weight of one or more
compounds of Formula |, XCFzR3-z (I), where X is a C2
or a C3 unsaturated, substituted or unsubstituted, alkyl
radical, each R is independently CI, F, Br, | or H, and z
is 1to 3.

Numbered Embodiment 2

[0074] The composition of Numbered Embodiment 1
wherein said one or more compounds of Formula | com-
prises 1,1,1,3-tetrafluoropropene (HFO-1234) and
wherein said composition has a vapor pressure of at least
about 30 psia at 35° F.
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Numbered Embodiment 3

[0075] The composition of Numbered Embodiment 1
wherein said one or more compounds of Formula | com-
prises 1,1,1,3-tetrafluoropropene (HFO-1234ze).

Numbered Embodiment 4

[0076] The composition of Numbered Embodiment 3
wherein said one or more compounds of Formula | com-
prises trans-1,1,1,3-tetrafluoropropene (transHFO-
1234ze) and wherein said composition has a vapor pres-
sure of at least about 30 psia at 35° F.

Numbered Embodiment 5

[0077] The composition of Numbered Embodiment 2
wherein said CO, is present in an amount of at least
about 5 percent by weight and said trans-1,1,1,3-
tetrafluoropropene is present in an amount not greater
than about 95 percent by weight.

Numbered Embodiment 6

[0078] The composition of Numbered Embodiment 1
wherein said one or more compounds of Formula | com-
prises 1,1,1,2-tetrafluoropropene (HFO-1234yf) and
wherein said composition has a vapor pressure of at least
about 30 psia at 35° F.

Numbered Embodiment 7

[0079] The fluid of Numbered Embodiment 6 wherein
said CO, is present in an amount of at least about 3
percent by weight and said trans-1,1,1,2-tetrafluoropro-
pene is present in an amount not greater than about 97
percent by weight.

Numbered Embodiment 8

[0080] The composition of Numbered Embodiment 1
wherein said composition is non-flammable.

Numbered Embodiment 9

[0081] The composition of Numbered Embodiment 1
and further comprising at least one adjuvant selected
from the group consisting of supplemental lubricants,
compatibilizers, surfactants, supplemental flame sup-
pressants, solubilizing agents, dispersing agents, cell
stabilizers, cosmetics, polishing agents, medicaments,
cleaners, fire retarding agents, colorants, chemical ster-
ilants, stabilizers, polyols, polyol premix components and
combinations of two or more of these.

Numbered Embodiment 10

[0082] A heat transfer composition comprising the
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composition of Numbered Embodiment 1 and further
comprising at least one lubricant.

Numbered Embodiment 11

[0083] The heat transfer composition of Numbered
Embodiment 10 wherein said lubricant is selected from
the group consisting of mineral oil, silicone oil, polyalkyl
benzenes (PABs), polyol esters (POEs), polyalkylene
glycols (PAGs), polyalkylene glycol esters (PAG esters),
polyvinyl ethers (PVEs), poly (alpha-olefins) (PAOs), and
combinations of these.

Numbered Embodiment 12

[0084] The heat transfer composition of Numbered
Embodiment 10 further comprising at least one compat-
ibilizer.

Numbered Embodiment 13

[0085] The heat transfer composition of Numbered
Embodiment 12 comprising from about 0.5 to about 5
percent by weight of said at least one compatibilizer.

Numbered Embodiment 14

[0086] The heat transfer composition of Numbered
Embodiment 12 wherein said lubricant is present in an
amount of from about 5 to about 50 percent by weight of
the heat transfer composition.

Numbered Embodiment 15

[0087] The heat transfer composition of Numbered
Embodiment 10 further comprising one or more supple-
mental flame suppressants.

Numbered Embodiment 16

[0088] The heat transfer composition of Numbered
Embodiment 15 wherein said one or more flame sup-
pressant(s) are present in an amount of from about 0.5
% to about 30% by weight of the heat transfer composi-
tion.

Numbered Embodiment 17

[0089] A refrigerant comprising the heat transfer com-
position of Numbered Embodiment 10.

Numbered Embodiment 18

[0090] A refrigeration system comprising a heat trans-
fer composition of Numbered Embodiment 17.
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Numbered Embodiment 19

[0091] A refrigeration system of Numbered Embodi-
ment 18 selected from group consisting of automotive air
conditioning systems, residential air conditioning sys-
tems, commercial air conditioning systems, residential
refrigerator systems, residential freezer systems, com-
mercial refrigerator systems, commercial freezer sys-
tems, chiller air conditioning systems, chiller refrigeration
systems, heat pump systems, and combinations of two
or more of these.

Numbered Embodiment 20

[0092] A blowing agent comprising a composition of
Numbered Embodiment 1.

Numbered Embodiment 21

[0093] A blowing agent of Numbered Embodiment 20
wherein said compound of formula | and said CO, to-
gether comprise at least about 5% by weight of the blow-
ing agent.

Numbered Embodiment 22

[0094] A blowing agent consisiting essentially of one
or more compounds of formula | and CO,

Numbered Embodiment 23

[0095] A foamable composition comprising the blow-
ing agent of Numbered Embodiment 22.

Numbered Embodiment 24

[0096] The foamable composition of Numbered Em-
bodiment 23 wherein said one or more components ca-
pable of forming foam comprise one or more components
capable of forming foam are selected from the group con-
sisting of thermoplastic foams, polystyrene foams, poly-
ethylene foams, low density polyethylene foams, extrud-
ed thermoplastic foams, polyurethane foams, and
polyisocyanurate foams.

Numbered Embodiment 25

[0097] The foamable composition of Numbered Em-
bodiment 23 further comprising at least one additive se-
lected from the group consisting of dispersing agents,
cell stabilizers, surfactants, flame retardants and combi-
nations of two or more of these.

Numbered Embodiment 26

[0098] A foam formed from the foamable composition
of Numbered Embodiment 25.
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Numbered Embodiment 27

[0099] Aclosed cellfoam comprising the foam of Num-
bered Embodiment 26.

Numbered Embodiment 28

[0100] A method of replacing an existing refrigerant
contained in a refrigerant system comprising removing
at least a portion of said existing refrigerant from said
system and replacing at least a portion of said existing
refrigerant by introducing into said system a refrigerant
composition comprising a composition of Numbered Em-
bodiment 1.

Numbered Embodiment 29

[0101] The method of Numbered Embodiment 28
wherein said existing refrigerant is selected from the
group consisting of HFC-134a, R-12, R-404A, R-500,
HFC-152a, HFC-125, HFC-143a, HFC-32, HCFC-22, R-
407C and R-410A and combinations of these.

Numbered Embodiment 30

[0102] The method of Numbered Embodiment 30
wherein said existing refrigerant is selected from the
group consisting of R-407C, R-404A, R-410A, HCFC-22
and combinations of these.

Numbered Embodiment 31

[0103] The method of Numbered Embodiment 29
wherein said existing refrigerant is selected from the
group consisting of HFC-134a, HFC-143a, HFC-125,
HFC-32 and combinations of these.

Numbered Embodiment 32

[0104] The method of Numbered Embodiment 28
wherein said existing refrigerant system comprises at
least a first compressor having a first displacement and
further comprising the step of removing said first com-
pressor from the system and inserting in said system at
least a second compressor having a larger displacement
than said first compressor.

Numbered Embodiment 33

[0105] The method of Numbered Embodiment 28
wherein said existing refrigerant system is selected from
the group consisting of automotive air conditioning sys-
tems, residential air conditioning systems, commercial
air conditioning systems, residential refrigerator sys-
tems, residential freezer systems, commercial refrigera-
tor systems, commercial freezer systems, chiller air con-
ditioning systems, chiller refrigeration systems, heat
pump systems, and combinations of two or more of these.
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Numbered Embodiment 34

[0106] The method of Numbered Embodiment 28
wherein the capacity of the system after said replacement
step is at least about at least about 90% of the system
capacity prior to said removal step.

Numbered Embodiment 35

[0107] The method of Numbered Embodiment 28
wherein the mass flow of the system after said replace-
ment step is at least about at least about 90% of the mass
flow of the system prior to said removal step.

Numbered Embodiment 36

[0108] The method of Numbered Embodiment 28
wherein said refrigerant in accordance with Numbered
Embodiment 10 has a Global Warming Potential (GWP)
of not greater than about 1000.

Numbered Embodiment 37

[0109] A sprayable composition comprising a material
to be sprayed and a propellant comprising the composi-
tion of Numbered Embodiment 1.

Numbered Embodiment 38

[0110] The sprayable composition of Numbered Em-
bodiment 37 in the form of an aerosol.

Numbered Embodiment 39

[0111] The sprayable composition of Numbered Em-
bodiment 38 wherein said material to be sprayed is se-
lected from the group consisting of cosmetics, cleaning
solvent, lubricants and medicinal materials.

Numbered Embodiment 40

[0112] The sprayable composition of Numbered Em-
bodiment 39 comprising a medicinal material and where-
in said medicinal material is a drug or a biologically active
material.

Numbered Embodiment 41

[0113] A method of sterilizing an article comprising
contacting said article with a composition comprising the
composition of Numbered Embodiment 1.

Numbered Embodiment 42

[0114] Amethod for cooling an article which comprises
condensing a composition of Numbered Embodiment 1
and thereafter evaporating said composition in the vicin-
ity of the article to be cooled.
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Numbered Embodiment 43

[0115] Amethod forheating an article which comprises
condensing a composition of Numbered Embodiment 1
in the vicinity of the article to be heated and thereafter
evaporating said refrigerant composition.

Numbered Embodiment 44

[0116] The composition of Numbered Embodiment 1
in the form of a heat transfer fluid having a refrigeration
capacity substantially matching that of R-22.

Numbered Embodiment 45

[0117] The composition of Numbered Embodiment 1
in the form of a heat transfer fluid having a refrigeration
capacity substantially matching that of R-407C.

Numbered Embodiment 46

[0118] The composition of Numbered Embodiment 1
in the form of a heat transfer fluid having a refrigeration
capacity substantially matching that of R-410A.

Numbered Embodiment 47

[0119] The composition of Numbered Embodiment 1
in the form of a heat transfer fluid having a refrigeration
capacity substantially matching that of R-404A.

Numbered Embodiment 48

[0120] The composition of Numbered Embodiment 1
in the form of a heat transfer fluid having a refrigeration
capacity substantially matching that of R-507A.

Numbered Embodiment 49

[0121] A process for changing the heat content of a
body comprising providing the composition of Numbered
Embodiment 1 and transferring heat between said com-
position and said body.

Numbered Embodiment 50

[0122] An improved heat transfer system comprising
at least one heat transfer fluid and one or more vessels
for evaporating and condensing the heat transfer fluid,
the improvement characterized by said at least one heat
transfer fluid being a non-flammable fluid consisting es-
sentially of one or more compounds of Formula |
XCFzR3-z (1), where X is a C2 or a C3 unsaturated, sub-
stituted or unsubstituted, alkyl radical, each R is inde-
pendently CI, F, Br, | or H, and z is 1 to 3 and carbon
dioxide (CO,).
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Numbered Embodiment 51

[0123] A sprayable composition comprising a material
to be sprayed and a propellant comprising an azeotrope-
like composition of Numbered Embodiment 1.

Numbered Embodiment 52

[0124] A sprayable composition according to Num-
bered Embodiment 51 wherein the sprayable composi-
tion is an aerosol.

Numbered Embodiment 53

[0125] A sprayable composition according to Num-
bered Embodiment 51 wherein the sprayable material is
a drug or a biologically active material.

Numbered Embodiment 54

[0126] A sprayable composition according to Num-
bered Embodiment 51 wherein the sprayable material is
a medicinal material such as anti-asthma and anti-hali-
tosis medications.

Claims

1. A composition comprising from about 1 to about 40
percent by weight of carbon dioxide (CO,) and from
about 60 to about 99 percent by weight of one or
more compounds of Formula I, XCFzR3-z (), where
Xis a C2 or a C3 unsaturated, substituted or unsub-
stituted, alkyl radical, each R is independently CI, F,
Br,lorH,and zis 1 to 3.

2. The composition of claim 1, wherein the composition
comprises from about 5 to about 30 percent by
weight of carbon dioxide (CO,) and from about 70
to about 95 percent by weight of the one or more
compounds of Formula 1.

3. The composition of claim 1 or claim 2, wherein said
one or more compounds of Formula | comprises
tetrafluoropropene (HFO-1234).

4. The composition of any preceding claim, wherein
said one or more compounds of Formula | comprises
trans-1,1,1,3-tetrafluoropropene (HFO-1234ze).

5. The composition of claim 1 or claim 2, wherein said
one or more compounds of Formula | comprises
1,1,1,2-tetrafluoropropene (HFO-1234yf).

6. The composition of claim 1 or claim 2, wherein X is
a C3 unsaturated, substituted or unsubstituted alkyl
radical.
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A composition according to any preceding claim,
wherein said composition has a vapor pressure of
at least about 30 psia at 35° F.

A composition according to any preceding claim
which has a Global Warming Potential (GWP) of not
greater than about 1000, preferably not greater than
500 and more preferably not greater than 150.

The composition of claim 1 wherein said composition
is non- flammable.

The composition of claim 1 or claim 2 and further
comprising at least one adjuvant selected from the
group consisting of lubricants, compatibilizers, sur-
factants, flame suppressants, solubilizing agents,
dispersing agents, cell stabilizers, cosmetics, polish-
ing agents, medicaments, cleaners, fire retarding
agents, colorants, chemical sterilants, stabilizers,
polyols, polyol premix components and combina-
tions of two or more of these.

A heat transfer composition comprising the compo-
sition of claim 1 and further comprising at least one
lubricant.

The heat transfer composition of claim 11 wherein
said lubricant is selected from the group consisting
of mineral oil, silicone oil, polyalkyl benzenes
(PABs), polyol esters (POEs), polyalkylene glycols
(PAGs), polyalkylene glycol esters (PAG esters),
polyvinyl ethers (PVEs), poly(alpha-olefins) (PAOSs),
and combinations of these.

The heat transfer composition of claim 11, wherein
said lubricant is selected from the group consisting
of polyalkylene glycols (PAGs) and polyalkylene gly-
col esters (PAG esters).

The heat transfer composition of claim 11 further
comprising one or more flame suppressants.

A refrigerant comprising the heat transfer composi-
tion of claim 11.

A refrigeration system comprising a heat transfer
composition of claim 11.

A refrigeration system of claim 16 selected from the
group consisting of automotive air conditioning sys-
tems, residential air conditioning systems, commer-
cial air conditioning systems, residential refrigerator
systems, residential freezer systems, commercial
refrigerator systems, commercial freezer systems,
chiller air conditioning systems, chiller refrigeration
systems, heat pump systems, and combinations of
two or more of these.
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. Ablowing agent comprising a composition according
to any of claims 1 to 6.

A blowing agent of claim 18 wherein said compound
of Formula | and said CO, together comprise at least
about 5%, preferably at least about 15%, more pref-
erably at least about 50% by weight of the blowing
agent.

Ablowing agent consisting essentially of one or more
compounds of Formula | and CO,.

A foamable composition comprising the blowing
agent of claim 18.

The foamable composition of claim 21 wherein said
composition comprises one or more components ca-
pable of forming foam selected from the group con-
sisting of thermoplastic foams, polystyrene foams,
polyethylene foams, low density polyethylene
foams, extruded thermoplastic foams, polyurethane
foams, polyisocyanurate foams and phenolic foams.

The foamable composition of claim 22, wherein the
one or more components capable of forming foam
are selected from the group consisting of thermo-
plastic foams and polystyrene foams.

A foam formed from the foamable composition of
any of claims 21 to 23.

A closed cell foam comprising the foam of claim 24.

A method of replacing an existing refrigerant con-
tained in a refrigerant system comprising removing
atleast a portion of said existing refrigerant from said
system and replacing at least a portion of said exist-
ing refrigerant by introducing into said system a re-
frigerant composition comprising a composition ac-
cording to any of claims 1 to 7.

The method of claim 26 wherein said existing refrig-
erant is selected from the group consisting of HFC-
134a, R-12, R-404A, R-500, HFC-152a, HFC-125,
HFC-143a, HFC-32, HCFC-22, R-407C, R-507A
and R-410A and combinations of these.

The method of claim 26 wherein said existing refrig-
erant system comprises at least a first compressor
having a first displacement and further comprising
the step of removing said first compressor from the
system and inserting in said system at least a second
compressor having a larger displacement than said
first compressor.

The method of claim 26 wherein said existing refrig-
erant system is selected from the group consisting
of automotive air conditioning systems, residential
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air conditioning systems, commercial air condition-
ing systems, residential refrigerator systems, resi-
dential freezer systems, commercial refrigerator sys-
tems, commercial freezer systems, chiller air condi-
tioning systems, chiller refrigeration systems, heat
pump systems, and combinations of two or more of
these.

The method of claim 26 wherein the capacity of the
system after said replacement step is at least about
90% of the system capacity prior to said removal
step.

The method of claim 26 wherein said refrigerant
composition has a Global Warming Potential (GWP)
of not greater than about 1000.

A method according to any of claims 26 to 31, where-
in the method is a retrofitting method and/or the re-
placement step is a drop-in replacement.

A sprayable composition comprising a material to be
sprayed and a propellant comprising a composition
according to any of claims 1 to 6.

A sprayable composition according to claim 33 which
is a contact cleaner, duster, or lubricant, or a con-
sumer aerosol selected from a personal care prod-
uct, a household product and an automotive product.

The sprayable composition of claim 33 in the form
of an aerosol.

The sprayable composition of claim 35 wherein the
material to be sprayed is a spray cleaner, a lubricant
oramedicinal aerosol such as to deliver medications
to the lungs or mucosal membranes.

The sprayable composition of claim 35 wherein said
material to be sprayed is selected from the group
consisting of cosmetics, cleaning solvent, lubricants
and medicinal materials.

A method of sterilizing an article comprising contact-
ing said article with a composition comprising a com-
position according to any of claims 1 to 4.

A method for cooling an article which comprises con-
densing a composition according to any of claims 1
to 7 and thereafter evaporating said composition in
the vicinity of the article to be cooled.

A method for heating an article which comprises con-
densing a composition according to any of claims 1
to 7 in the vicinity of the article to be heated and
thereafter evaporating said refrigerant composition.

The composition according to any of claims 1to 7 in
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the form of a heat transfer fluid having a refrigeration
capacity substantially matching that of R-22, R-
407C, R-410A, R-404A, or R-507A.

A process for changing the heat content of a body
comprising providing the composition according to
any of claims 1 to 7 and transferring heat between
said composition and said body.

An improved heat transfer system comprising at
least one heat transfer fluid and one or more vessels
for evaporating and condensing the heat transfer flu-
id, the improvement characterized by said at least
one heat transfer fluid being a composition of ac-
cording to any of claims 1 to 8 which is a non-flam-
mable fluid consisting essentially of one or more
compounds of Formula | XCFzR3-z (), where X is a
C2oraC3unsaturated, substituted or unsubstituted,
alkyl radical, each R is independently CI, F, Br, | or
H, and z is 1 to 3 and carbon dioxide (CO,).

A sprayable composition comprising a material to be
sprayed and a propellant comprising an azeotrope-
like composition according to any of claims 1 to 4 or
claim 6.

A sprayable composition according to claim 41
wherein the sprayable composition is an aerosol.

Use of a composition according to any of claims 1
to 10 as a solvent, a deposition agent, a carrier or
part of a delivery system for flavour formulations or
fragrance formulation, an extractant of fragrances or
a cleaning agent.
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Figure 1 — Bubble Point and Dew Point Pressures - transHF0-1234ze

and CO,
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Figure 2— Bubble Point and Dew Point Pressures — transHFO-1234ze
and CO;
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Figure 3
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Figure 4
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Figure 5— Bubble Point and Dew Point Pressures — HFO-1234yf and CO;
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Figure 6— Bubble Point and Dew Point Pressures — HFO-1234yf and CO;
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Figure 7
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Figure 8
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